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(57) Abstract 

Tte iwwcnt Invenrton provides radially-expandable stents that, in vaifous embodiments, may reduce the bending stnsses/strains 
associated with me compressed state of self-expanding stents and/or may prevent longitudinal expansion/contraction of radiany exnandaUe 
stent, between tl» compressed and expanded itates. Tn addition, stcr.ts accoiding to the pn^$em hiventfon preferaMy exhibit Inoeased 
Icngiftidlnfll flexibil ty in both the compressed and expanded states. Furthennore. stents that include circumferential support sections^ 
varymg longitudinal lengths and/w varying unrestrained expanded diimetcrs arc also disclosed. Also disclosed are stents that provide 
conttollabk expansive force profiles. The present invention also includes delivery systems in which threading of the guidewire Srouidi 
the delivery system may be simplified. In addition, the delivery system; according to the present invention may also incoipoiaie a bano«i 
to assist in radially expandmg the stent and/or seating of the stent in the lumen duTing deployment without removing the stem delivery 
catheter. Further, the delivery systems may also Include a suppon tulw at the proximal end to assist in fixing the position of the stent 
relative to a guide catheter dunng deployment of the stent 
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RADIALLY-EXPANDABLE STENT AND DELIVERY SYSTEM 

Field of <he Invention 
The present invention relatc^s to intravascular stent implants for 
5 maintaining vascular patency in humans and animals. More particulaily, the 
present invention provides radial]y-<:xpandable stents, delivery systems for 
deploying the stents within body lumenit, and methods of deploying the stents. 

Background of the Invention 

10 Percutaneous transluminal coronary angioplasty (PTCA) is used to 

increase the lumen diameter of a coronary artery partially or totally obstructed by 
a build-up of cholesterol fats or aiiierosclerotic plaque. Typically a first 
guidewire of about .038 inches in dian:.eter is steered through the vascular system 
to the site of therapy. A guiding catheter, for example, can then be advanced 

15 over the first guidewire to a point \;ust proximal of the stenosis. The Hrst 
guidewe is then removed. A balloon catheter on a smaller .014 inch diameter 
second guidewire is advanced within tlie guiding catheter to a point just proximal 
of the stenosis. The second guidewire is advanced into the stenosis, followed by 
the balloon on the distal end of the catheter. The balloon is inflated causing the 

20 site of the stenosis to widen. 

The dilatation of the occlusion, however, can form flaps, fissures and 
dissections which threaten reclosure of the dilated vessel or even perforations in 
the vessel wall. Implantation of a stctit can provide support for such flq)s and 
dissections and thereby prevent reclosure of the vessel or provide a patch repair 

25 for a perforated vessel wall until coircctive surgery can be performed. It has also 
been shown that the use of intravascular stents can measurably decrease the 
incidence of restenosis after angioplasty thereby reducing the likelihood that a 
secondary angioplasty procedure or a surgical bypass operation will be 
necessary. 

30 An implanted prosthesis such as a stent can preclude additicmal 

procedures and maintain vascular potency by mechanically supporting dilated 
vessels to prevent vessel reclosure. Stents can also be used to repair aneurysms, 

1 
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to support artificial vessels as liners of vessels or to repair dissections. Stents are 
suited to the treatment of any body li:jnen» including the vas deferens, ducts of 
the gallbladder, prostate gland, trachea, bronchus and livw. The body lumens 
range in diameter from small coronari' vessels of 3 mm or less to 28 mm in the 
5 aortic vessel. The invention applies to acute and chronic closure or rcclosure of 
body lumens. 

A typical stent is a cylindrically shaped wire formed device intended to 
act as a pennanent prosthesb. A typical stent ranges from 5 mm to 50 mm in 
length. A stent is deployed in a lx>dy lumen from a radially compressed 

10 configuration into a radially expand©! configuration which allows it to contact 
and support a body lumen. The stent can be made to be radially self-expanding 
or expandable by the use of an expansion devace. The self expanding stent is 
made from a resilient springy material while the device expandable stent is made 
from a material which is plastically deformablc. A plastically dcfonnable stent 

15 can be implanted during a single angioplasty procedure by using a balloon 
catheter bearing a stent which has teen crimped onto the balloon. The stent 
expands radially as the balloon is inflated, forcing the stent into contact with the 
interior of the body lumen thereby forming a supporting relationship with the 
vessel waUs. 

20 Conventional angioplasty btJloons fell into high, medium and low 

pressure ranges. Low pressure ball Dons are those which fall into rated burst 
pressures below 6 atmospheres. Me<Uum pressure balloons are those \^iiich £dl 
into rated burst pressures between 6 snd 12 atmospheres. High pressure balloons 
are those ^M^ch fall into rated bun.t pressures above 12 atmospheres. Burst 

25 pressure is determined by material selection, wall thickness and tensile strength. 

The biocompatible metal stunt props open blocked coronary arteries, 
keeping them from reclosing after balloon angioplasty. A balloon of appropriate 
size and pressure is first used to open the lesion. The process is repeated with a 
stent crimped on a second balloon. The second balloon may be a high pressure 

30 type of balloon, e.g., more than 12 atmospheres, to insure that the stent is fbUy 
deployed upon inflation. The stent i:; deployed when the balloon is inflated. The 
stent remains as a permanent scaffold after the balloon is withdrawn. A high 



wo 99/39661 FCT/US99/02453 

pressure balloon is preferable for stent deployment because the stent must be 
forced against the artery's interior vail so that it will fully expaixi thereby 
precluding the ends of the stent from banging down into the channel encoinaging 
the formation of thrombus. 

5 Various shapes of stents are known in the art. U.S. Patent No. 4,649»922 

(Wiktor) discloses a linearly expandable spring-like stent U.S. Patent No. 
4,886,062 (Wiktor) discloses a twi>-dimen5ional zigzag fomu typically a 
sinusoidal form. U.S. Patent No. 4.969,458 (Wiktor) discloses a stent wire 
coiled into a limited number of turns woimd in one direction, then reversed and 

10 wound in the opposite direction with the same number of turns, then reversed 
again and so on until a desired length is obtained. 

.Stents have limited ability to provide effective patchirig of pefforated 

vessels due to the spacing between metal elements. U.S. Patent No. 4,878,906 
(Lindeman et al.) describes an endoprosthesis made of a thin wall molded plastic 

IS sleeve intended to be collapsed radially and delivered to a damaged area of a 
vessel where it is expanded to provide a sealed interface to the vessel on its outer 
peripheral eiKls. The endoprosthesis therefore provides a patch ^^ch prevents 
leakage of blood from a vessel wall. The endoprosthesis disclosed employs 
various molded-in ribs, struts and tlie like to adapt the device for particular 

20 applications and to provide the desired degree of stifBiess to form the sealed 
Interface with the vessel waU. Such a stiff prosthesis, however, could not be 
expected to have the longitudinal flexibility needed to adapt to curved vessels. 

One problem with self-expandiiig stents is that the stents must be 
comfH^ssed into a small diameter for delivery to the site or portion of the body 

25 lumen at ^^^ch support is desired. It is preferable that the stents be conqn'essed 
into as small of a diameter as possible (typically referred to as ^profile**) to assist in 
delivering the stent to the desired site. That compression can, in some cases cause 
localized areas of high bending stress/strain within the stent 

As a result of tiie high bending stresses/strain, the minimum profile for die 

30 self-expanding stents can be limited to prevent non-recoverable strain levels in the 
stent and, therefore, ensure full radial expansion of the stent when released from 

3 
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the delivery system. The larger profile can limit the delivoy and use of the stent to 
larger diameter lumens. 

Alternatively, if a small delivery profile is desired, then the stent may be 
designed to achieve that profde which can often resuh in a larger window area and 
5 a reduction in the outward forces generated by the stent after expansion within the 
lumen. The larger window area and, th<TCfore. inferior body lumen scaffolding 
reduces the effectiveness against recurring restenosis. The reduced outward forces 
may be problematic if the stent does nol firmly engage the wall of the lumen. 

One attempt at addressing the high bending stresses/strains in a self- 

1 0 expanding stent is described in U.S. Patent No, 4,830,003 (Wolff et aL) in which 
the stent is made of a series of goierally straight wire segments welded together at 
their ends to form a zigzag sh^)ed stent vdien expanded. By using generally 
straight wires, the bending stresses/strains associated with bends in an integral 
wire-formed stent body can be avoided. Disadvantages associated with this 

1 5 approach include, however, the cost of :iianufacniring the stents by welding. The 
welds also lower the allowable stress levels in the stent, thereby limiting its fatigue 
life and con^jression for delivwy. Another disadvantage is that the length of the 
stent can change significantly from the compressed state to the expanded 
thereby making accurate placement of the stent at the desired location within a 

20 body himen more difficult. 

Another attempt at addressing the high bending stiesses/strams includes 
manufecturing self-expanding stents from materials other than metals as described 
in, e.g„ U.S. Patent No. 5^356,423 (Tihon et aL). Tlie stents disclosed therein are 
formed of thermoplastic materials and can be molded or otherwise formed into a 

25 fenestrated pattern similar to those pTDduced by braided wire stents. By shaping 
the openings as depicted in Figure 5 of the patent, the stress concentration at the 
bending points can be reduced. Disadvantages of this approach include, however, 
degradation associated uith implanted plastic materials, includmg changes in the 
elasticity of the plastics which can njsult in a reduction in the radially outward 

3 0 forces generated by the sXeast 

Another problem associated ^ith self-expanding stents is that, particularly 
in connection wih long lesions (e.g., those with a Icngtfi of about 30 mm or more). 
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differences in vessel diameter between the proximal and distal ends of the lesion 
and/or stent may be greater than the ilesired operating range of a self-expanding 
stent Furthennore, the increase in ovisr-sizing &om the proximal to die distal end 
of the stent may resuh in non-uniform pressure at the vessel wall along the ieng& 

5 of the stent That non-unifomiity may cause insufficient or excessive presstire at 
one end of the stent after expansion. 

Yet another problem with self -expanding stents is the need for stents that 
can provided varying o\iCward force or pressure along their lengths. Attempts to 
provide stents with varying outward pressure profiles are typically limited to 

10 helically wound stents in which the ceil density and/or l^lix angle are changed to 
affect the pressure generated by the stents after expansion. See, e.g., U.S. Patau 
Nos. 5,246,445 (Yachia et al.) and 5,507,767 (Maeda ct al.). These api^oadies are 
generally limited to gradual pressure c!tianges and may be difBcult to construct In 
addition, changing the pitch of the helically wound stents can increase the size of 

15 the openings between adjacent windings, thereby reducing support of the vessel 
walL 

Anotiier approach to providint; a stent with a varying pressure profile is 
described in U.S. PaterU No. 5,601,593 (Freitag) in whidi rows of Nitinol wires 
wi& different shape memories that allow for selective expansion of the different 
20 structures foimed by the different wirrs. One problem with this {qyproach is that 
the pressure generated between the ainivated wires can be significantly reduced, 
thmby reducing uniformity in the outward force along to entire length of the 
stent 



25 SUMMARY O P THE INVENTION 

It is an object of the invention to provide a radially-expanding stent for 

implantation within a body lumen that provides for reductions in the bending 

stresses/strains associated with compre^on of the stem for delivery to the desired 

location within a body lumOL 
30 It is another object of the present invention to provide a radially-expanding 

stent in which the longimdinal length of the stent remains unchanged from the 

compressed state to the expanded state. 




5 
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It is a further object of the inveniion to prov^e a stent with improved 
longitudinal flexibility to allow for threading through tortuous lumens and lesions, 
as well as to permit implantation in highly curved lumens. 

It is another object of the invention to provide a radially-expanding stent 
5 that provides for controllable expansive force profile along the length of the stent 

It is another object of the invention to provide a radially-expanding stent 
with and unrestrained expanded diameter that varies along the lengtfi of the stent 

It is an object of some delivery systems according to the present invention 
to provide a delivery system in which the position of the stent can be fixed relative 
10 to a guide catheter. 

It is another object of some deli^'e^y systems accoixling to the pre^ot 
invention ta provide a ballocm integral v/idi the stem delivery device to allow for 
post-deployment dilatation of the stent widiout removing the stent delivery 
catheter. 

15 It is another object of some delivery systems of the present invention to 

Iffovide for simplified threading of a guidewire through a distal portion of a rapid- 
exchange delivery system. 

In one aspect, the present invention provides radially expandable stent for 
implantation within a body lumen includmg an elongated generally tubular body 

20 defming a passageway having a longitudinal axis; the body including a plurality 
of circumferential support sections arnmged successively along the longitudinal 
axis, each of the support sections having a length along the longitudinal axis; 
each of the circumferential support sections including a plurality of primary 
bends interconnected by struts, the primary bends being located on alternating 

25 ends of the support section around the circumference of the body, each of the 
struts connecting successive i^imary bends on opposite ends of the support 
section and having a midpoint generally located therebetween; and at least one 
longitudinal member connecting adjacent support sections in the body, the 
longitudinal member having a first end attached proximate the midpoint of one 

30 of the struts and a second end attached proximate the midpoint of one of the 
struts in the adjacent support section; 
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wherein the stent Is radially compressible into a compressed state in which the 
struts are generally aligned with the longitudinal axis and radially expandable 
into an expanded state in ^ich the stttits and the primary bends in each of the 
support sections are arranged in a ugzag pattern, and further wherein the 
5 longitudinal length of the stent in the crompressed state is substantially the same 
as the longitudinal length of the stent in the expanded state* 

In another aspect the present invention {Hovides a radially expandable stent 
for implantation within a biKiy lumen including an elongated generally tubular 
body defining a passageway having a longitudinal axis, the body including at 
10 least one circumferential support section having a length along the longitudinal 
axis; each of the circumferential siq}p<»rt sections including a plurality of priniary 
bends interconnected by struts, the pritnary bends being located on altOTiating 
ends of the support section around the circimiference of the body* each of 
struts connecting successive primary lends on opposite ends of the support 
15 section and having a midpoint generally located therebetween; wherein the stent 
is radially compressible into a con:q)ressed state and radially expandable into an 
expanded state in which the struts and primary bends in each of ^e support 
sections are arranged in a zigzag pattern* and further wherein each pair of 
adjacent stmts associated with each oi' the f^imary bends abut at a point between 
20 the primary bend and the midpoint of each strut in the pair of adjacent struts 

when the stent is in the compressed state, whereby the bending stress is reduced 
at each primary berul of the plurality cf [mnary bends. 

In another aspect, the present invention provides a radially expandable 
stent for iix^lantation within a body lumen including an elongated generally 
25 tubular body defining a passageway having a longitudinal axis, the body 

incltxling at least one circumferential support section having a length along the 
longitudinal axis; each of the circumf mntial support sections including a 
substantially continuous element including a plurality of primary bends 
interconnected by struts, the primary 1>ends being located on alternating ends of 
30 the support section around the circumference of the body, each of the struts 

connecting successive primary bends on opposite ends of the support section and 
having a midpoint generally located t!icrcbetween, wherein the stent is radially 

7 
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compressible into a compressed state and radially expandable into an expanded 
state in which the struts and primary btaids in each of the support sections arc 
arranged in a zigzag pattern; and means for reducbg bending stress at the 
primary bends when the stent is in the compressed state. 
5 In another aspect, the present invention provides a delivery system for 

implantation of a radially-expandable ittni within a body lumen including an 
inner tube having a proximal end and h distal end, the inner tube having an inner 
tube lumen formed therein, the inner tube lumen having an opening at the distal 
end of the inner tube; a cover sheath hiiving a proximal end and a distal end, the 

1 0 cover sheath comprising a waU defining a cover sheath lumen, the inner tube 
located within the cover sheath lumen; a stent positioned about the inner tube at 
the distal end of the cover sheath; a first guidewixc opening in the inner tube 
lumen, the first guidcwire opening spaced from the distal end of the inner tube; a 
second guidewire opening in the wall of the cover sheath, the second guidewiie 

15 opening located proximate the first gui dewire opening; and a guide element 
having a distal end located within the inner tube lumen, the guide element 
extending between the first and second guidcwire openings. 

In another aspect, the present invention provides a radially expandable 
stent for implantation within a body lumen including an elongated generally 

20 tubular body defining a passageway having a longitudinal axis. The body 
includes a plurality of circumferential support sections arranged successively 
along the lon^tudinal axis, each of tb: support sections having a longitudinal 
length along the longitudinal axis. Each of the circumferential support sections 
includes a plurality of primary bends interconnected by struts, the primary bends 

25 being located on altematii^ ends of th e support section around the circumference 
of the body, each of the struts connecting successive primary bends on opposite 
ends of the support section. The stent fiirther includes at least one longitudinal 
member connecting adjacent support JKctions In the body. Each of the 
circumferential support sections is radially compressible into a compressed 

30 diameter and radially expandable into an unrestrained expanded diameter in 
which the struts and the primary bends in each of the support sections are 
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arranged in a zigzag pattern. In additicin, the longitudinal lengths of at least two 
of the circumferentia] support sections are difi*erent 

In another aspect the present indention provides a radially expandable stent 
for implantation within a body lumen including an elongated generally tubular 
5 body defining a passageway having a longitudinal axis. The body includes a 
plurality of circumferential support sections arranged successively along the 
longitudinal axis» each of the support sections having a longitudinal length along 
the longitudinal axis. Each of the circumferential support sections includes a 
plurality of primary bends interconneded by struts, the primary bends being 

1 0 located on alternating ends of the support section around tiie circumference of 
the body, each of the struts connecting successive primary bends on oi^}os!te 
ends of the support section. The stent :further includes at least one longitudinal 
member connecting adjacent support sirctions in ^e body. Each of the 
circumferentia] support sections is radially compressible into a compressed 

1 5 diameter and radially expandable into tin unrestrained expanded diameter in 
which the stmts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the unrestrained expanded 
diameters of at least two of the support sections vary. 

In another aspect, the present irivention provides a radially expandable 

20 stent for implantation within a body lumen including an elongated generally 
tubular body defining a passageway hav^ing a longitudirud axis. The body 
includes a plurality of circumferential support sections arranged successively 
along the longitudinal axis, each of the support sections having a longitudinal 
length along the longitudinal axis. Each of the circumferential support sections 

25 includes a plurality of primary bends interconnected by struts, the primary bends 
being located on ahemating ends of the support section around the circumference 
of the body, each of the struts connecting successive primary bends on opposite 
ends of the support section. The stent further includes at least one longitudinal 
member connecting adjacent support stations in the body. Each of the 

30 circujnferential support sections is radially compressible into a compressed 
diameter and radially expandable into iin unrestrained expanded diameter in 
which the struts and the primary bends in each of the support sections are 
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arranged in a zigzag pattern. In addition, the circumferential widths of the struts 
in at least two of the circumferential support sections are different 

In another aspect, the present invention provides a method of dq)loying a 
stent within a body lumen by providing a radially expandable stent including an 
5 elongated generally tubular body defining a passageway having a longitudinal 
axis. The body includes a plurality of <:ircumferential support sections arranged 
successively along the longitudinal axL;, each of the sirpport sections having a 
longitudinal length along the longitudinal axis. Each of the circumferential 
support sections includes a plurality of primary bends interooimected by struts. 

10 the primary bends being located on alUiraating ends of the support section around 
the circumference of the body, each of the struts connecting successive primary 
bends on opposite ends of the siq>port i^ection. The stent further includes at least 
one longitudinal member connecting aiijacent support sections in the body. Each 
of the circumferential support sections is radially compressible into the 

1 5 compressed diameter and radially expsiidable into an unrestrained expanded 
diameter in which the struts and the primary bends in each of the support 
sections are arranged in a zigzag pattem. In addition, the longitudirud lengths of 
at least two of the circumferential supj>ort sections arc different The method 
further includes advancing the distal eiad of the delivery device and the stent 

20 through a body limien and deploymg toe stent at a desired location within the 
body lumen. 

In another aspect, the present itivention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent including an 
elongated generally tubular body defitung a passageway having a longimdinal 

25 axis. The body includes a plurality of circumferential support sections arranged 
successively along the longitudinal axis, each of the support sections having a 
longitudinal length along the longitudinal axis. Each of the circumferential 
support sections includes a plurality of primary bends interconnected by struts, 
the primary bends being located on alternating ends of the support section around 

30 the circumference of the body^ each of the struts connecting successive primary 
bends on opposite ends of the support section. The stent further includes at least 
one longitudinal member connecting adjacent support sections in the body. Each 

10 
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of the circumferential support sectioai is radially compressible into the 
compressed diameter and radially expandable into an unrestrained expanded 
diameter in vMch the struts and the pimaiy bends in each of ^ support ' 
sections are arranged in a zigzag pattern, and further wherein the imrestrained 
S expandeddiametersofat least two of the support sections vary. The method 
further includes advancing the distal end of the delivery device and the stent 
through a body lumen and deploying the stent at a desired location within the 
body lumen. 

In another aspect, the present iaventicm provides a m^od of deploying a 
1 0 stent within a body liunen by providing a radially expandable stent including an 
elongated generally tubular body defining a passageway having a longitudinal 
. . axis. The body includes a plurality of circumferential support sections arranged 
successively along the longitudinal axis, each of the support sections having a 
longitudinal length along the longitudinal axis. Each of the circumferential 
1 5 support sections includes a plurality of primary bends interconnected by struts, 
the primary bends being located on alternating ends of the support section around 
the circumference of the body, each of die struts coimecdng successive primary 
bends on opposite ends of the support section. The stent fitrttier irKludes at least. 
01^ longitudinal member connecting iidjacent support sections in the body. Each 
20 of the circumferential support section:! is radially compressible into the 

compressed diameter and radially expandable into an unrestrained expanded 
diameter in which the struts and the primary bends in each of the support 
sections are arranged in a zigzag pattcnu In addition, the circtunferential widths 
of the struts in at least two of the circimiferential support sections are diCTerent. 
25 The method further includes advancing the distal end of the delivery device and 
the stent through a body lumen and dt^ploying the stent at a desired location 
within the body lum«i. 

In another aspect, the present invention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent on a delivery 
30 system including an inner tube havin^i a proximal end and a distal end, the inner 
tube having an irmer tube lumen fcnr ed therein, the inner tube lumen having an 
opening at the distal end of the inner lube and a first guidewire opening in the 

11 
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inner tube lumen* the first guidewire opening spaced from the distal end of the 
inner tube; a stent positioned on the extc;rior surfece of the inner tube at the distal 
end of the inner tube; a cover sheath having a proximal end and a distal end, the 
cover sheath comprising a wall defining a cover sheath lumen, the inner tube and 
5 stent located >vithin the cover sheath luraen, the cover sheath further including a 
second guidewire opening in the wall of the cover sheath, the second guidewire 
opening located proximate the first guidewire opening in the inner tube; and a 
guide clement having a distal end located within the inner tube lumen, the guide 
element extending between the first and second guidewiie openings, v^erein tlie 

1 0 guide element comprises a guide lumen fonned in the distal end of the guide 
element; positioning a guidewire within, a body lumen, wherein a proxinwJ end 
of the guidewire extends out of the body lumen; insertii^ the proximal end of Ae 
guidewire into the inner tube lumen at the distal end of the inner tube; advancing 
the proximal end of the guidewire through the inner tube lumen towards the first 

1 5 guidewire opening and the distal end of the guide element, wherein at least a 

portion of the proximal end of the guidswire is advanced into the guide lumen in 
the distal end of the guide element; advancing the proximal end of die guidewire 
through the first and second guidewire openings; advancing the distal end of the 
inner tube and the stent over the guidcAvire towards the distal end of the 

20 guidewire, wherein the stent is positior ed at a desired location within the body 
lumen; and deploying the stent at the d^red location within the body lumen. 

In another aspect, the present invention jHOvides a method of deploying a 
stent within a body Ivanm by providin^r a radially expandable stent on a delivery 
system including an inner tube having a proximal end and a distal end, the inner 

25 tube having an inner tube lumen formed therein; a stent positioned on the 
exterior sur&ce of the icmer tube at the distal end of the inner tube; an 
expandable balloon located on the inni»' tube; an inflation lumen in fluid 
commimication with the balloon, the Liflation lumen extending from the 
proximal end of the delivery system tc the balloon; and a cover sheath having a 

30 proximal end and a distal end, the covsr sheath comprising a wall defining a 
cover sheath lumen, the inner tube, ste nt, and balloon located within the cover 
sheath lumen; positioning the inner tube, stent, balloon and cover sheath within a 



body lumen; moving the cover sheath proximally relative to the distal end of the 
inner tube to deploy the stent with the body lumen; and inflating the balloon 
within the stent 

In another aspect, the present Livention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent on a delivery 
system including an inner tube having a proximal end and a distal end; a stent 
positioned on the exterior surface of tlie inner tube at the distal end of the inner 
tube; a cover sheath having a proximal end and a distal end, the cover sheath 
including a cover sheath lumen, the inaer tube and stent located within the cover 
sheath lumen; and a support tube havlag a proximal end and a distal end, the 
support tube including a support tube !tumen containing at least a portion of the 
proximal end of the cover sheath, the cover sheath being movable in the 
proximal and distal directions within the support tube lumen and the position of 
the inner tube being fixed relative to tlie position of the support tube; positioning 
a guide catheter within a body lumen; advancing the distal ends of the inner tube 
and the cover sheath through the guido catheter; fixing the position of the si^)port 
tube relative to the guide catheter, v^icrein the positions of the distal end of the 
inner tube and the stent within the bod y lumen are also fixed relative to the guide 
catheter; and moving the cover sheath proximally to release the stent on tiie 
distal end of the inner tube, thereby de ploying the stent within the body lumen. 

These and other features and actvantages of the present invention are 
described below in connection the description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of one radially expanded stent according to the 
present invention. 

FIG. 2 is a plan view of the stent of Figure 1 in ^ch the body of the stent 
is uiut>lled. 

■ 

FIG. 3 is an enlarged partial view of the stent body of Figure 2 in the 
expanded state. 

FIG. 4 is an enlarged partial vit:w of the stent body of Figure 2 in the 
compressed state. 

13 
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FIGS. 5-8 are enlarged partial views of portions of alternative stents 
according to the present invmtion. 

no, 9 is a plan view of another stent according to the preseit invention in 
which the body of the stent is unrolled. 

5 FIG. 10 is a plan view of another stent accordmg to the present invention in 

which the body of the sterjt is unrolled. 

FIGS 1 lA-1 ID illustrate diifereit force profiles that can be provided by 
stents manufactured according to the pnjsent invention. 

FIGS. 12 and 12A depict one mi:thod of manufacturing a conical stent 
10 FIGS. 12B-12D depict mandrels, that may be used to manufecture stents 

having corresponding unrestrauied expanded diametexs. 

FIG. 13 is a schematic diagram of one delivery system according to the 
present invention. 

FIG. 13A is an enlarged diagram of one portion of the delivery system of 
15 Figure 13. 

FIG, 1 3B is a cross-sectional vi<:w of the mechanism of Figure 1 3 A taken 
alcmg line i3B-13B in Figure 13A. 

FIG. 14 is an enlarged cross-sectional view of the delivery system of Figure 
13 taken along line 14-14 in Figure 13. 
20 FIG. 15 is an enlarged cross-sectional view of the distal end of the delivery 

system of Figure 13. 

FIG. 1 6 is an enlarged cioss-s6<:tional view of the distal end of an alternate 
delivery system incorporating a balloon. 

HG. 1 7 is an enlarged partial cixjss-sectional view of one r^id-cxchange 
25 delivery system according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides stents that may reduce the bending 
stresses/strains associated with the compressed state of radially-expanding stents 
30 and/or may prevent longitudinal expansion/contraction of radially expandable 

stents between the compressed and exi)anded states. In addition, stents according 

14 
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to the present invention preferably exhibit increased longitudinal flexibility in both 
the compressed and expanded states. 

The stents according to ttie pres<mt invention may, in various embodiments, 
provide controllable expansive force pn)files. The expansive force profiles can be 
5 controlled by vazying the unrestrained expanded diameter of the stents, by varying 
the longitudinal length of the circumfenmtial support sections in the stents, end/or 
by varying the circumferential width of the struts in the support secticms. 

The present invention also includes delivery systems in which threading of 
the guidewire through the delivery system may be simplified In addition, 
1 0 delivery systems according to the present invention may also incorporate a balloon 
to assist in radially expanding the stent 3nd/or seatiiig of die stent in the lumen 
during deployment without removii^ the stent delivery cath^er. Furdier, the 
delivery systems may also include a siqiport tube at the proximal end to assist in 
fixing the position of the stent relative to a guide catheter during deployment of the 
15 stenu 

Although the following discussion, along with the figures, describes 
illustrative preferred embodiments and methods according to the present invention, 
those skilled in the art will understand lhat other structures and/or methods could 
also be used to accomplish the desired :iunctions. For example, although stents 

20 having one or more siippoit sections ar^ described herein, it will be understood that 
stents manufactured according to the piesent invention could have any number of 
desired support sections needed to obtain a stent with a desired longitudinal length. 
Furthermore, it will be understood that the figures are schematic only, and that Ihe 
relative dimensions of the various illusrtrated features are not intended to limit the 

25 scope of the present invention. 

Figure 1 depicts one illustrative: self-expanding stent according to the 
present invention. The depicted stent includes a generally tubular body 1 0 defining 
a passageway 12 extending along a longitudinal axis 14. The body 10 is j^ferably 
formed from a plurality of support sections 20a, 20b, 20c 20d, 20e, and 20f 

30 (collectively referred to as siqjport sections 20 below) arranged successively along 
the longitudinal axis 14. The body 10 is depicted in Figure 1 in its expanded state 

15 
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in wiiich the support sections 20 have htien expanded radially outward ftom the 
longitudinal axis 14. 

Figure 2 is a plan view of a porti on of the body 10 of the stent depicted in 

Figure 1 in which the body has been uniolled fix)m the tubular shape of Figure 1. 

5 Each of the support sections 20 is depicted and has a length along the longitudinal 

axis 14. Referring specifically to support secti<Ki 20a, the support section 20a 

includes a plurality of primary bends 22 and 22* located on alternating ends of the 

support section 20a. Priniary bend 22 on one end of the support section 20a is 

connected to a primary bend 22' by a stint 24. Because of the alternating nature of 

10 the primary bends 22 and 22% the prinKiiy bends 22/22' and struts 24 are arrnnge^ 
in a zigzag pattern when the stent is in the expanded state (as in Figures 1 and 2). 

Adjacent siq^port sections 20a and 20b are connected to each other by at 
least one longitudinal membo- 40 extending between the support sections 20a and 
20b. It is preferred that the longitudina'. members 40 are attached to the struts 24, 

1 5 although they may be attached at any location on each of the support sections 20. 
More preferably, the longitudinal memljers 40 are attached to the struts 24 at the 
midpoint of the length of the struts 24 lictween the primary bends 22 and 22\ By 
attaching the longitudinal manbers 40 at the midpoints of the struts, the length of 
the body 10 of the stent along the longitudinal axis 14 will exhibit substantially no 

20 change between the con^iressed state and the e)q)anded state* 

Although most of the adjacent jjupport sections 20 are connected by only 
one longitudmal member 40 in Figure 2, it should be noted that a plurality of 
longitudinal members 40 can be used cormect the siqjport sections 20. For 
example, support sections 20c and 20d are connected by two longitudinal members 

25 40 in Kgure 2. Where more than one longitudinal member 40 is used to connect 
adjacent support sections 20, it is prefe rred that the longitudinal members be 
spaced evenly about the circumference of the body 1 0. For exan^le, whm two 
longitudinal members 40 are provided, it is preferred tfiat they be located about 1 80 
degrees apart, three longitudinal mcml>ers 40 would preferably be located about ' 

30 120 degrees apart, etc. 

It may be preferred (but not required) that smaller stents, i.e.. those having 
a diameter as manufactured of about 6 millimeters or less, employ two or more 

] 
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lon^tudinal mcmbcre 40 to connect adjacent support sections 20. It may also be 
prcfciTcd (but not required) that laigci' stents, Le^ those having manufactured 
diameters of about 5 millimeters or more, employ three or more longitudinal 
members 40 to connect adjacent suppixt sections 20. It may further be prcfmed 
5 that the niimber of longitudraal members 40 be less than the ntmiber of primary 
bends 22 foimd in each of the adjacen : support sections 20. By reducing die 
number of longitudinal members 40, the longitudinal flexibility of the stents can be 
improved. The exact number of longitudinal members used in any stent according 
to the present invention will, however;, vary based on the need for longitudinal 
10 flexibility 

It is prefeued that the lon^tudinal members 40 connecting inunediately 
acQacent support sections 20 are not aligned along the longitudinal axis 14 of the 
stent As one example of this, the arrcngement of ^ longitudinal members 40 in 
the first three support sections 20a, 20b, and 20c can be described. As can be seen 

1 5 in Figure 2, the longitudinal members 40 connecting support sections 20a and 20b 
are not aligned along the longitudinal :ixis 14 with the longitudinal members 40 
connecting support sections 20b and 20c It is generally |Hcfetred that the 
lon^tudinal members cormecdng, e.g., support sections 20a and 20b, be 
tangentially out of phase from longituilinal members 40 coimecting su^jport 

20 sections 20b and 20c by as large an anioimt as possible. For example, if the 
support sections 20a, 20b and 20c are all cormected to their adjacent siq)poit 
sections 20 by two lon^tudinal members 180 degrees apart, it is preferred that the 
longitudinal members 40 connecting siq>port sections 20a and 20b be tangentially 
out of phase by 90 degrees &om the lon^tudinal members 40 connecting the 

25 support sections 20b and 20c. 

Providing longitudinal members 40 connecting immediately adjacent 
sui^rt sections 20, e.g., 20a and 20b, circumferentially spaced about the support 
sections 20 can improve the flexibility of the body 10 along the longitudinal axis 
14. In addition, providing the longitudinal roembefs 40 tangentially out of phase 

30 along the length of the body 1 0, e.g., t etween sections 20a-20b and 20b-20c, can 
also improve the longitudinal flexibili ty of stents according to the present 
invention- Although these concepts have been described with reference to three 

17 
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successive support sections, it will be understood that these concepts can be 
extended along the entire length of a stent incoiporating as few as two support 
sections and as many support sections as desired. 

It is significant to note that the lo:igitudinaI bending flexibility is improved 
5 both when the stent is in the compressed state during deliveiy and upon 

deployment of the stent in a body lumen. Increased longitudinal bending flexibility 
when compressed peraiits threading of tlie stent through long tortuous vessels and 
lesions. Increased longitudinal bending Jlexibility wh«i expanded albws for 
d^loyment in highly curved vessels or lumens. 

1 0 It will be tmderstood that the lonjgitudinal members 40 described above 

may be incorpomted into self-expanding stents or into stents that are not self- 
expanding, i.e^ stents that must be expanded by a ballowi or some other method. 
In addition, the connection of the longitudinal members 40 can be used in any stem 
providmg zigzag support sections, whetlicr the stent includes primary bends sudi 

15 as those described herein or not In any ^:ase, the connection of the longitudinal 
members 40 the midpoints of the struts :i4 in adjacent zigzag support sections 20 
will prevent changes in the longitudinal length of stents incorporating zigzag 
support sections similar to those described hwein. 

Figure 3 is an enlarged view of e. portion of the one of the support sections 

20 20inFigure2. A primary bend 22 is shown along with two opposing primary 
bends 22* on the opposite end of the sup^rt section. The primary bend 22 is 
attached to a pair of struts 24a and 24b. The lower strut 24a is attached to the 
lower opposing primary bend 22* while the upper strut 24b is attached to the upper 
ojqjosing primary bend 22\ Strut 24a lias a midpoint 25a that is generally located 

25 midway between the primary bend 22 aid the lower opposing primary bend 22* 
while strut 24b has a midpoint 25b that is generally located midway between the 
primary bend 22 and the iqjper opposinjg primary bend 22*. 

Strut 24a iiKludes a secondary l>end 26a located between its midpoint 25a 
and the primary bend 22. The secondary bend 26a forms an apex 27a feeing the 

30 other strut 24b attached to the primary \yend 22. Stmt 24b includes a secondary 
bend 26b located between its midpoint 25b and the primary bend 22. The 
secondary bend 26b fornis an apex 27b facing the other stmt 24a attached to the 



18 



wo 99/39661 



PCTAJS99/aUS3 



primary bend 22. As depicted in Figure 2 and 3, it is preferred that each of the 
struts 24 connecting primaiy bends 22 :and 22^ include two secondary bends, with 
one secondary bend being located on eiich side of the midpoint of the strut 24. 
Figure 4 depicts the portion of ihe siqpport section of Figure 3 in the 

5 compressed state in ^^ch the opposini^ upper and lower primary bends 22* are 
moved together. As a result* the struts 24a and 24b are also moved together, and 
abut each other first at a point between the midpoints 25a and 25b of the respective 
struts 24a and 24b. In the embocUment depicted in Hgures 3 and 4, the point at 
which the struts associated with or attached to the primary bend 22 abut first is at 

10 the apexes 27a and 27b of the struts 24a and 24b. As a result, the minimum radius 
formed by primary bend 22 during »>mpression of tfie stent is limited by the 
abutting relationship of the apexes 27a and 27b that redistributes the stresses 
associated with compression of the stent into the struts 24a and 24b. 



1 5 modified while still limiting the maximum stresses associated with compression of 
the stent One alternative is depicted in Figure 5 and includes a primary bend 122 
on one end of a si^iport section and two opposing primary bends 122* on the 
opposing end of the support section. The strut 124a connecting the pimary bend 
1 22 with the lower opposing iHimary b<end 122' includes a secondary bend 126a 

20 andthestrut 124bconnectingtheprimary bend 122 with the upper opposing 
primary bend 122' incltides a secondary bend 126b. 

The primary difiTerence between the embodiments depicted in Figures 3 and 
5 is that the portion 123a of the strut 124a between the secorulary bend 126a and 
the primary bend 122 is not generally |7arallel to the corresponding portion 123b of 

25 the stmt I24b. As described with respect to the embodiment of Figure 3 above, 
however, it is preferred that the struts 124a and 124b abut first at the ^xes 127a 
and 1 27b formed by the secondary bends 126a and 126b during con^nression to 
thereby reduce the maximum bending stresses associated with compression of the 
stent 

30 Another ahemative constr\icti<»n is depicted in Figure 6 and irK^ludes a 

primary bend 222 on one end of a supjaort section and two opposing primary bends 
222' on the opposing end of the suppcrt section. The stni* 224a connecting the 



The construction of the suf^rls sections depicted in Figures 2-4 can be 
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primaiy bend 222 with the lower opposing primary bend 222' inciudes a secondary 
bend 226a and the stmt 224b connecting the primaty bend 222 with the upper 
opposing primary bend 222* includes a secondary bend 226b, 

The primaiy bend 222 in the emlx>diment of Figure 6 and the portions of 
5 the stmts 224a and 224b located between the secondary bends 126a and 126b and 
the primaiy bend 222 form a generally cbxular element as seen in Hgure 6. As 
described with respect to the embodiments of Figures 3 and 5 above, however, it is 
preferred that the struts 224a and 224b abut first at the apexes 227a and 227b 
formed by the secondary bends 226a and 226b during compression to thereby 

10 reduce the maximum bending stresses associated with compression of the steoL 
Yet another altemadve constnicjion is depicted in Figure 7 and includes a 
primaiy bend 32Z on one end of a support section and two opposing primaiy bends 
322* on the opposing end of the support sectioiL The strut 324a connecting the 
primary bend 322 with the lower opposi ng primary bend 322* includes a protrusion 

1 5 327a facing the opposing stmt 324b attfiched to the primaiy bend 322. Similariy, 
the stmt 324b coimecting the primary bind 322 with the iq^per opposing primary 
bend 322* includes a protrusion 327b tiding the opposing strut 324a. 

Although the struts 324a and 324b do not tnchide seoondaiy bends as in 
those stmts described above, the protrusions 327a and 327b define the point at 

20 which the struts 324a/324b first abut wjien the stent is com|»essed Because that 
point is removed fit)m the primary bend 322, the miimnum bending radius of the 
primaiy bend is limited, thereby reducing the maximum bending stresses at the 
primaiy bends that is associated with compression of the stent 

Figure 8 illustrates yet another feature of stents according to the present 

25 invention when compared to the stent deleted in Figure 2. The view of Figure 8 is 
a portion of a stent body including two adjacent support sections 420a and 420b* 
Siqipoit section 420a includes primary bends 422a on one end and opposing 
primary berKls 422a* on the opposite end of the support section 420a. Similarly, 
the support section 420b includes primary bends 422b on one end of the support 

30 section 420b and opposing primaiy h&nds 422b' on the opposite cikI of the support 
section 420b. 
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In the embodiment dq)icted in !rigure 8, the primaiy bends 422a and 422b 
in adjacent support sections 420a and 420b are generally aligned along the 
longitudinal axis 414. Likewise, the primary bends 422a* and 422b' in adjacent 
siq)port sections 420a and 420b are also generally aUgned along the longitudinal 
5 axis 414. As a result, the support sections 420a and 420b are said to be ''in j^iase** 
with each other. 

Figure 2 illustrates a stent in wliidi the support sections 20 are *'out of 
phase** with the adjacent siq^port sectioiis because the primaiy bends 22 and 22' on 
the adjacent support sections 20 do not generally align along the longitudinal axis 

10 1 4 as do the primary bends 422a/422b tmd 422a*/422b' in the embodiment 
depicted in Figure 8. 

Figure 9 illustrates another. varliUion that may be advantageous in 
connection with stents according to the present invention. Figure 9 is a plan view 
in which the body of a stent 510 has bei:n unrolled from its tubular shape (after 

1 S expansion). Each of the support sections 520 has a length along the longitudinal 
axis 514. The support sections 520a-5^t0n (referred to generally as support 
sections 520) are connected to adjacent support sections along the longitudinal axis 
514 by at least one longitudinal member 540 extending between pairs of adjacent 
s\^>port sections 520. 

20 The stent 5 1 0 is able to compensate for variations in vessel diameter over 

its length by increasing the longitudina] length of the siqiport sections 520 over the 
length of the stent 520. In the illustrated stent 510, the longimdinal length of each 
adjacent support section 520 increases :&om section 520a to section 520il The 
suf^rt sections 520 with different lonjptudinal lengths exert different outward 

25 forces against the vessel wall aAer expsmsion. As a result, the differing lengths of 
the support sections 520 increases the (lermissible over-sizing of ttic stent 510 
within a vessel. In other words, the steat 510 can be implanted into a successively 
smaller diameter vessel while limiting liie amount of overstressing of the stent 510 
after expansion. In additiCHi, although ihe distal end of the stent 510 may be 

30 compressed to a greater degree after expansion in a narrowing vessel, the outward 
force or pressure applied to the vessel by the longer support sections 520 in the 
narrower distal portion of the vessel is smaller, thereby resulting in more uniform 
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applied pressure over the length of the stsnt 5 1 0 (as compared to a stent m which 
all of the support sections have the sanMf longitudinal length^ 

The increases in longitudinal \es\iph between adjacent support sections 520 
in the illustrated stent 510 are substantially constant over the entire stent 510. In 
5 another alternative, the differences in lorigitudinal length may increase along the 
length of the stent 510, i.e., the difference b length between si^port sections 520a 
and 520b is less than the difference betv^een support sections 520b and 520c. 
Those variations in longitudinal length difference between adjacent support 
sections 520 can be uniform (e.g., linear,, exponential, etc.) or they may be 

10 polynomial, random, etc. In another alternative, length of some sections 520 may 
be the same, with the length of only some support sections 520 varying. 

Variations in the lengths of support sections in stents manufactured 
according to the present invention may lie controlled to provide controlled 
variations in the outward forces pro\dded by the stents along their lengdis, whether 

15 the stents are located in vessels having varying or um'form diameters. For 
example, it may be desirable to provide a stent in which the outward forces 
generated at each end of the stent are rethiced, ttereby also providing a stent with 
reduced radial stifiness at its ends. 

One such stent 6 1 0 is illustrated in Figure 1 0 in which the support actions 

20 620a, 620b, 620m and 620n have an increased length along the longitudinal axis 
614 as compared to the interior siq>port sections 620c-620/. One benefit of this 
design is that the ends of the stent 610 raay have a reduced longitudinal stifi&iess 
which may reduce mjury to the vessel vmlls at the ends of the stetrt 610. That 
reduction in vessel injury may provide a decrease in restenosis rates in coimection 

25 with the stent 610. 

Figures 1 1 A-1 ID illustrate a few different force profiles in which the 
horizontal axis is indicative of the longi tudinal length of the stent and the vertical 
axis is indicative of the outward force ct pressure exerted by the stent on a vessel 
wall after expansion. The depicted fon« profiles assume that the stents are 

30 uniformly constrained along their lengths after expansion within a vessel, 
regardless of whether the vessel has a constant or varying inner diameter. 
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The force profile illustrated in Figure 1 1 A is indicative of the force profile 
to be expected from a stent simUar to sumt 510, i.e^ a stent in which successive 
support sections 520 generate continually decreasing outward forces. The force 
profile illustrated in Figure 1 IB is indicictive of the force profile to be expected 
5 from a stent similar to stent 610, Le^ a stent in which the support section or 
sections at die ends of the stent g^ierate reduced outward forces as compared to 
the central portion of the stent in which the outward forces are siibstantially 
unifbtm. 

The force profile illustrated in Figure 1 IC is indicative of a stent that 
10 combines the features of stent 510 with stent 610. As illustrated, the outward 
forces generated by the support section *7t sections at the ends of the stent are 
reduced as compared to the immediately adjacent support sections. In addition* 
however, the support secticHis in die cen tral portion of the stent generate 
continually reducing outward forces moving along the length of the stent from left 
15 to right in Figure 1 1 C. 

The force profile illustrated in Figure 1 ID is indicative of yet anotiier 
variation in the outward force profiles possible using stents manufactured 
according to the present invention. As lieen in Figure 1 ID, the outward forces 
generated by the support sections reach a peak near the center of the stent and 
20 gradually decrease towards each end of the stent 

Figures 12 and 12A illustrate artother variation in stents according to the 
(Mresent invention. The stent 71 0 is formed with an expanded shape that is 
substantially conical In the preferred stent 710 die suf^xnt sections 720a-720e 
have a substantially constant length alo ng the lonptudinal axis 714. If the stent 
25 71 0 is manufactured from a material such as a nickel titanium alloy (eg., Nttinoi), 
the stent 7 1 0 is preferably manufactured at the smaller diameter and then placed on 
a conical mandrel 790 (see Figure 12) to increase its diameter. By prop^ heat 
treatment of the Nitinol during manufai:turing, tlie conical shape can be imparted 
into the *^emor/* of the stent 710. U|)on expansion in a vessel, one end of the 
30 stent 710 will be urged to a larger diameter than the other end of the stent 710. As 
a result, the outward force or pressure crxerted on a vessel wall with a narrowing 
diameter will preferably be more uniform with stent 710 than with a stent having a 
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uniform expanded diameter. Furthermo re, stent 710 can be used to generate a 
force profile similar to that aiustrated in Figure 1 1 A wtiett expanded in a vessd 
whidi does not have a diameto- that nanows at the same rate at which the diameter 
of the stent 710 narrows, even though ths support sections 720 of the stent are all 
5 of substantially the same longitudinal length. 

Yet another manner in v^^ch the outward expansive forces generated by 
the stents manufactured according to the present invention may vary is based on 
the circumferential width of eadi of the :5truts located between bends in each of the 
support sections. Each of the stmts, e.g., strut 24 in Figure 2, has a width as 

1 0 measured circuraferentially around the fanned stent hi addition* each of the stmts 
24 has a thickness measured radially fioin the longitudinal axis 14 (See Figure 1) 
of ^ formed st^t 

By vaiying the circumferential width of die struts 24 both along their lengtii 
and through each of die bends 22 and 22.', some control over the expansive ftMCcs 

1 5 generated by the support sections 20 may be achieved. For example, a support 
^on 20 with wider struts 24 and bencis 22/22* may provide a laiger expansive 
force than an otlwrwise comparable sx^jiort section in which the circumferential 
vwdth of the struts is smaller. These variations m strut width can be provided 
between adjacent support sections 20 and tiie strut width may vary b^wcen support 

20 sections along the stents to provide the desired expansive force profiles, examples 
of which are illustrated in Figures 1 1 A- 1 ID. Furthermore, variations m 
circumferential width of die support stntts can be combined with variations in 
longitudinal lengths of the siqjport secti.Dns and/or expanded diameter to yield 
desired expansive force profiles. 

25 When stents are manufactured of a shape-memory metal, such as Nitinol, 

thai also exhibits superelasticity, the shiipe of die mandrel upon ^^ch the stents 
are formed can be used to provide varying pressure profiles in a stent, whether the 
stent has support sections with different lengths or substantially uniform 
longitudinal lengdis. The support sections of stents formed on the mandrels 

30 illustrated in Figures 12A-12D will exhibit unrestrained expanded diameters based 
on die diameter of that portion of ihe mandrel on which they are formed. When 
employed in, e.g., a vessel having a generally uniform diameter, the support 
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sections foimed with the diSeient unrestrained expanded dianuters illustrated by 
the mandrels of Figures 12A'12D will exhibit force profiles sinular to ^lebr 
unrestrained expanded diameters. For example mandrel 790' in Figure I2B could 
be used to manufacture a stent that can ijenerate a force profile similar to that 
5 illustrated in Figure 1 IB when expanded (i*^** constrained) in a vessel widi a 

unifomi diameter. Mandrel 790" in Figure 12C could be used to form a stent that 
generated the force profile illustrated in Figure 1 IC when constrained within a 
vessel with a generally uniform diameter after expansion. SimDarly, the mandrel 
790^ in Figure 12D could be used to manu&cture a stent exhibiting the force 
1 0 profile illustrated in Figure 1 1 D >^ien constrained within a vessel having a 
generally uniform dianKter after expaxuaon. 

The radially expandable stents depicted and described above with respect 
to Figures 1 -12 are prefembly formed as a one-piece, completely integral units 
from a thin-walled tube of suitable material. Typically, the stents will be cut or 
1 S machined from a tube using, e.g., laser, water jet, EDM (electrical discharge 

machining), or chemical etching techniques. As a result, the stents can be formed 
without welds or joints. It is also envisiioned, however, that stents according .to the 
present invention could be fcnmed fron:i a sheet of material u^g, e.g., laser, water 
jet, EDM, or chemical etching techniques. If the stent was formed firom a sheet of 
20 material, the body 1 0 as seen in Figure 2 would be formed into a tube and welded 
or oth^wise joined along one side of tte stent resulting in a series of welds or 
other joints along the length of tfte body. 

Preferred materials for stents according to the present invention include 
those materials that can provide the desired functional characteristics with respect 
25 to biolo^cal compatibility, modulus of elasticity, etc. For cxan^)le, it is preferred 
that the stents be biologically compatible, as well as be cc^>able of significant 
recoverable strain to assume a low profile for deliveiy to a desired location witiun 
a body lumen. After release of the conr^iressed stent, it is preferred that the stent be 
capable of radially expanding back to i s ori^iuil diameter. 
30 Particulady preferred materials for stents according to the present inventicm 

are nickel titanium alloys and other alloys that exhibit superelastic behavior, i.e., 
are capable of significant distortion without plastic deformation. Stents 

25 



BNSOOCtO: <WO_J0O39681A2J.> 



wo 99/39661 



PCT/US99/02453 



manufectured of such materials can be significantly compressed without plastic 
deformation, i.c^ they ate compressed iMch that the maximum strain level in the 
stent is below the recoverable strain lindt of the material. Discussions relating to 
nickel titanium alloys and other alloys that exhibit behaviors suitable for stents 
5 according to the present invention can l>e found in, e.g^ U.S. Patent No. 5*597^78 
(Jcrvis) and WO 95/3 1945 (Burmeister et al.). Nickel titanium alloys and tubes 
suitable for use in manufacturing stents according to the present invention can be 
obtained ftom. e.g., Memiy Corp., Mer Jo Park. California; Minittibes. Grenoble, 
France; NDC, Fremont, California; and Shape Memory Applications. Inc., Santa 
10 Clara, California. 

The radially outward directed force developed by the stents according to 
the present invention serves two functions. One function is to hold the body lumen 
open against a force directed radially lE ward, e.g., a spasm, as well as preventing 
restriction of the passageway through tJie lumen by intimal flaps or dissections 

1 5 generated by, e.g., prior balloon angioplasty. Another function is to fix the position 
of the stent within the body lumen by intimate contact between the stent and the 
walls of the hnnen. The outwardly dinxted forces must not be excessive, hovwver, 
to avoid traumatiTfltion of the Ium«i walls by the 

The diameters of some preferred stents v4>en in the compressed state for 

20 delivery to a desired location widiin a Ixxiy lumen is typically reduced from about 
two to about six times the diameter of the stents when in their expanded state 
before compressiorL For example, typical stents may have a compressed external 
diameter of about 1 millimeter to about 3 millimeters for delivery and an expanded 
external diameter in a body lumen of about 3 millimeters to about 1 5 millimeters 

25 when released from compression in a large arterial vessel. Some prefeired stents 
used in coronary arteries may have a oampressed external diameter of about 1 
millimeter and an expanded external diameter in a body lumen of up to about 6 
millhneters. 

In addition to ranges in diameters, it will also be understood that the stoits 
30 according to the present invention can have any desired longitudinal length as 

required for a particular application. Furthemiore, although the illustrative staits 
depicted in Figures 1-12 have a plurality of successive support sections, it will be 
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understood that some stents accotding to the present invention could be 
manufactured with only one support section (in which case no longitudinal 
members would be required to connect adjacent support sections). 

Having thus described radially <rxpandab\e stents according to the present 
5 invention, we vnH now describe one delivery system suitable for deploying the 
self-expanding stents described above es well as other radially expandable stents. 
The delivery system depicted in Figureit 1 3-1 5 provides for delivery of a stent to a 
desired location within a body lumen. It will be understood that the stents 
described above may be deployed by ary suitable delivery system aiui they are not 
10 to be limited to deployment by the deli^'ciy systems described below. 

The delivery system of Figure 13 includes a handle SO at the proximal end. 
The handle 50 includes a release button. 51 that sUdes ^tlu^ a duumel 52 located 
in the handle 50. Preferably, the release button 51 is actuated by a user's thumb to 
assist in one-handed delivery of the stent as discussed in more detail below. 
15 It is prefened that the release button 5 1 be locked or retained in position 

before deliveiy to prevent accidental or unwanted deployment of the stent from the 
delivoy system. Refming to Figure 1 3 A, one preferred retaining mechanism is a 
bend or turn in the distal end of the channel 52 such that the chaimel 52 includes a 
circumferential portion 52a at the distal. etKl connecting to the otherwise 
20 longitudinal chaimel 52 seen in Figures 13 and 13A, Retaining the release button 
51 in position at the distal end of the cliannel 52 (in the circtmofeiential portion of 
the channel) uiuil delivery of the stent is desired, at vAdoh time the buttcm 51 is 
moved circumferentially and then longitudinally along the length of the channel 52 
to release the stent as discussed in mors detail below. 
25 The illustrated channel 52 also includes two constrictions 53a and 53b that 

are also provided to assist in controlling movement of the release button 5 1 . The 
constrictions 53a and 53b are narrowed such that an increased force is required to 
move the release button 51 past the localized narrowing. Constriction 53a works 
in combination with circumferential portion 52a of the channel to retain the button 
30 in position at the distal end of the channel 52 v^iile constriction 53b assists in 
retaining the release button 51 near the proximal end of the channel 52 after 
deployment of a stent 
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Those skilled in the art will understand that a vari^ of retaining 
mechanisnis could be substituted for the preferred mechanism described above. 
Examples of suitable alternatives includi^ but are not limited to: a removable 
security band around the handle 50 that must be removed to move the release 
5 buttonSl proximally, stoppers within die channel 52 that must be removed to 
move the release button 51 proximally, a detent mechanism in which the release 
button can be depressed radially inwani to release the button 51 for movement 
within the channeU etc 

Figure 1 3B illustrates another feature of the dq)loyment mechanism, Le.» 

10 the inclusion of an anti-revme mechani sm. By and-reverse, it is meant that 

movement of the button 5 1 in the Of^stte direction (distally) after deployment has 
begun is restricted or prevented. The illustrated and-reverse mechanism seen in 
Figure 13B includes a flat bent wire spring 48 thai contacts the inner surface 49 of 
the handle. As the button 5 1 is moved iiroximally (to the right in Figure 1 3B), 

15 wire 48 drags along the surface 49. Attempts to move the button 5 1 distally (to the 
left in Figure 13B) will, however, cause die end of the wire 48 to become 
embedded in the inner surfece 49, thcreljy restricting or prev«iting such 
movement Although wire 48 provides one embodiment of an anti-reveise 
mechanism, those skilled in the art will recognize many other mechanisms that 

20 perfomi the same or substantially the same function including, but not limited to 
ratcheting mechanisms, silicone seals, c^tc. 

A support tube 54 extends from the distal cod of the handle 50 and 
preferably extends mto &e bemostasis valve 94 of the Y-connector 92 of a guide 
ca&eter 90. Preferably, the support tute 54 terminates within the guide catheter 90 

25 at a point near the Y-connector 92. This guide catheter 90 preferably terminates at 
a distal end 96 spaced fipom the Y-connector 92. The construction of guide 
catheters, Y-connedors and hemostasui valves are well known and will not be 
described further. 

Figure 14 is a cross-sectional view of the proximal portion of the delivery 
30 system taken along the longitudinal axs of the support tube 54 as ir«3icated by line 
14-14 in Figure 13. The support mbe M is coaxial with a cover sheath 70 and 
inner tube 60, both of which are described in more detail below. It is preferred that 
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the cover sheath 70 be movable within the support tulw 54 and that the cover 
sheath 70 also be movable relative to tlie inner tube dO. Further, it is preferred that 
the inner tube 60 and the support tube 54 be fixed relative to f^rh other. 

Figure 1 5 is an enlarged view of the distal portion of the delivery device in 
5 which the stent 10 is located within the lumen 72 formed by the cover sheath 70. 
The cover sheath 70 maintains the stem; 10 in a compressed state in which the stent 
10 has a diameter suitable for delivery 1o an internal body lunsen 100. Because the 
stent 10 is self-expanding, it is biased nidially outward against the interior surfecc 
of the cover sheath 70 as depicted. 

10 An inner tube 60 preferably extends through the cover sheath 70 and the 

compressed stent 10 as seen in Figure 15. The inner tube 60 also preferably 
mcludes a guidewiie lumen 64 exteixling through to the distal end 61 of the inner 
tube 60. For clarity, the gutdewire 1 04 lias been removed from the guidewire 
lumen 64 in the inner tube 60 of Figure 1 5. 

1 5 The preferred inner tube 60 includes a shoulder 62 proximal to the 

proximal end 16 of the stent 10. The slkoulder 62 prevents the stent 10 fixun 
moving proximally with the cover sheath 70 during deployment because dte 
outside diameter of the innar tube 60 at the shoulder 62 is greater than the inside 
diameter of the compressed stent 10. a result, the position of the stent 1 0 

20 relative to the shoulder 62 on inner tub<! 60 is fixed when the cover sheath 70 is 
moved proximally during deployment of the stent 10 as described below. 

Irmer tube 60 preferably ext^ids to the handle 50 of the delivery system 
depicted in Figure 13. Furthermore, the inner tube 60 is preferably fixedly attached 
to the handle 50 and is substantially inextcnsible along its length. As a result, the 

25 distance between the handle 50 and the shoulder 62 on the inner tube 60 is fixed. 
Because the distance between the shoulder 62 arnl the handle 50 is fixed, the 
distance between the handle 50 and the compressed stent 10 on the interior sur&ce 
of the cover sheath 70 is also fixed during d^loyment 

The stent 1 0 is released by moving the cover sheath 70 towards the 

30 proximal end of the delivery device, i.e., away &om the distal end 61 of the inner 
tube 60. The cover sheath 70 is connected to an actuator such as a release button 
51 on the handle 50 such that movement of the button 51 towards the proximal end 
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53 of the handle 50 moves the cover shejith 70 in Ac proximal direction towards 
die handle 50. If the stent 1 0 is self-cxpiinding, that nftovement of the cover sheath 
70 preferably removes the constraining forces on Ac compressed stent 10, thereby 
allowing it to expand within the lumen 100. Actuators that accomplish the 
5 function of moving the cover sheath 70 relative to the handle 50 other than the 
preferred release button 51 will be known to diose skilled in the art 

To assist in positioning the stent 1 0 during delivery, it is preferred that one 
radiaopaque marker 68 be provided on the inner tube 60 at the proximal end 16 of 
the stent 10 and another radio-opaque marker 74 be provided on die covct sheath 
10 70 at die distal end 1 8 of the stent 10. Vtovement of the marker 74 on the cover 
sheath 70 past the marker 68 on the inner tube 60 is preferably indicative of 
sufficient movement of the cover sheath 70 such that the stent 1 0 is no longer 
constrained by within the lumen 72 of ttie cover sheath has been deployed within 
the body lumen 1 00. 

1 5 Figure 1 6 is an enlarged view of the distal portion of an alternative delivery 

system incorporating an inflatable balloon 1 80 on the inner tube 160» with the 
balloon preferably located widiin the passageway formed by the compressed stent 
1 10. As described in connection with tJie embodiment depicted in Figure 15, the 
stent n 0 is located within the lumrai 1 72 formed by the cover sheath 1 70. The 

20 cover sheatfi 1 70 maintams the stent 1 1 0 in a compressed state in vAdch the stem 
1 10 has a diameter suitable for delivery to an mtemal body lumen. Because the 
stent 1 10 is self-expanding, it is biased j-adially outward against the interior surfece 
of the cover sheath as depicted. 

The inner tube 160 also preferably includes a guidewire lumen 164 

25 extending through to the distal end 161 of die inno: tube 160. The ini^ tube 160 
also includes a shoulder 162 at the proximal end 1 16 of the stent 1 10 to assist in 
deploying the stent 1 10 as described ab>ve in connection with Figure 1 5. Inn» 
tube 160 also preferably extends to the handle of a delivery system as described 
above in connection with Figure 15. 

30 As seen in Figure 16, the portion of the inner tube 160 on which the 

balloon 1 80 is mounted preferably has n reduced diameter to maintain a low profile 
while allowing room for the balloon 1 80. The inner tube 1 60 also includes an 
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mfladon lumen 182 in fluid conununi(»tion with the interior of the collcq)sed 
balloon 180. The inflation lumen 182 is used to deliverthc fluids used to inflate 
the balloon 180 during deployment of the stent 1 10. The inflation lumen 182 
preferably terminates at the proximal e nd of the inner tube 160 where the fluid 
5 source can be connected by known methods. 

To assist in positioning the stent 1 10 during delivery, it is preferred that one 
radio-opaque marker 168 be provided on the inner tube 160 at the proximal end 
116 of the stent 1 10 and another radio-opaque marker 174 be provided on the 
cover sheath 170 at the distal end 118 of the stent 110. Movement of the marker 

10 174 on the covCT siKrath 170 past the marker 168 on the inner tube 160 is preferably 
imiicative of suiflcient movemmt of tlie cover sheath 170 such tiiat the stent 1 10 is 
no longer constrained by within the lumen 1 72 of the cover sheath has been 
deployed within a body lumen. 

As described above in coimection with Figure 13, the preferred delivery 

1 5 systems according to the present invention also preferably include a support tube 
54 exterior to and coaxial with the cover sheath 70 and inner tube 60 to further 
assist in accurate placement of the stent 10. The siqyport tube 54 preferably extends 
from the handle 50 and is sufficiently long to extend into die lumen of the guide 
catheter 90. As best seen in Figure 13, the support tube 54 preferably extends into, 

20 e^ a Y-connector 92 of the guide cadieter 90 such that the position of the support 
tube 54 can be fixed relative to the guide catheter 90 by closure of the hemostasis 
valve 94 on the Y-connector 92. 

It is preferred that the support tube 54 be fixedly attached to the hartdle 50 
and that the support tube 54 be substantially inextensible along its longitudiiud axis 

25 such that, after the support tube 54 is fixed in the hemostasis valve 94^ the handle 
50 is located a fixed distance from the hemostasis valve 94. The cover sheath 70 
located within the support tube 54 (sec: Figure 14) is» however, free to ixK>ve 
longitudirudly within the suj^rt tube 54 during deployment of the stent 10. 
Because the support tube 54 and the inner tube 60 are both fixedly attached to the 

30 handle 50, however, the distax)ce between the stent 10 and the hemostasis valve 94 
(and handle SO) are also fixed on closure of the hemostasis valve 94 on the support 
tube 54. 
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Use of tl» delivery system dcscibed above will now be described in 
connection with baUoon angioplasty treatment of a lesion within a coitaiaiy vessel 
Deployment of the stent will typicaUy involve balloon angioplasty to expand the 
passageway through a lesion. Typicallj; a balloon cathetw will be advanced over a 
5 giridewire to the desired location. Aftei' dilatation, the baUoon catheter will be 
withdrawn while the gmdewnr 104 and guide catheter 90 used with the baUoon 
catheter remain in position. The guide .Mtheter 90 is typically sutured in position 
to fix its location relative to the patient At that point, the inner tube 60 and cover 
sheath 70 with compressed stent 1 0 will be advanced through the guide catheter 90 
10 past the distal end 96 of the guide catheter 90 along the guidewire 1 04 until the 
stent 10 is in the desired location relative to the lesion lOZ That position can be 
verified by, e.g., using the radio-opaquci markers 68 and 74 on the inner tube 60 
and cover sheath 70 as described above. 

Wth the stent 10 in the desired location, the hemostasis valve 94 is 
J 5 preferably fastened or closed on the support tube 54, thereby fixing the position of 
the stent relative to ih& guide catheter 90 (wiiich, in turn fixes the position of the 
stent 1 0 relative to the patient because i>f the connection between tbe guide catheter 
90 and the patient as described above). With the hemostasis valve 94 closed, the 
release button 5 1 is moved fit>m its locked position within tiie channel 52 and then 
20 gentiy moved towards the proximal end 53 of the handle 50, That movement 
preferably draws the distal end 76 of the cover sheath 70 past the stent 10. If the 
stent 10 is seif-^panding, it will typiailly expand radially outward fiom the inner 
tube 60 towards the interior surfece of ti» lesion 102. 

After the cover sheath 70 is wiiJidrawn sufficiently to expose flie stent 10, 
25 the balloon 80 can be inflated to eitiier expand the stent 10 (if it is not self- 
expanding) or to assist in proper seating of the stent 10 against the interiw surfece 
of tiie lumen 1 00 and/or lesion 1 02. The balloon 80 is preferably a high pressure 
balloon (operating at 12-14 Bans) and ;preferably has an inflated diameter that is 
less than or equal to the interior diamet^ of the stent 10 as expanded. 

Another feature of one prefemtxi rapid-exchange delivery system according 
to the present invention is in the routing of the guidewire 104 out of the inner tube 
60 and cover sheath 70 at a point bet\^ een the distal end 61 of the inner tube 60 and 
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the distal end of the support tube 54. Turning to Figure 17, a portion of a rapid- 
exchange delivery system proximal frb:ii the distal end 61 of the inner tube 60 is 
depicted which includes the cover sheath 70 and the inner tube 60 located iVithin 
the lumen 72 of the cover sheath 70. The guidewiie lumen 64 of the inner tube 60 
S terminates in a first guidewire opening 63 in the depicted embodiment A second 
guidcwire opening 73 is provided in th<; cover sheath 70. 

A guide element 130 b preferably provided tliat extends through the 
second guidewire operung 73 and the first guidewire opening 63 and into the 
guidewire lumen 64 of the inner tube 60. As such, advancement of the proximal 

10 end 106 of the guidewire 104 towards t he proximal end of the delivery system 
through the guidewire limien 64 (to the left in Figure 1 7) moves the proximal end 
106 ofthe guidewire 104 into a jumen :i 32 in the guide element 130. 

It is preferred that only a portion of the guidewire 1 04 fit within the lumen 
132 in the guide element 130. As a result, continued advancement ofthe 

1 5 guidewire 1 04 towards the proximal end of the delivery system forces the guide 
element 130 out of the first and second guidewire openings 63/73 as well as guides 
the proximal end 106 of the guidewire 104 through those openings. After to 
proximal end 106 of die guidewire 104 is threaded througli the openings 63/73 in 
die irmer tube 60 and cover sheath 70, the distal portion of the inner tube 60 and 

20 cover sheath 70 in >^ch the guidewire 1 04 is contained can be advanced through 
the guide catheter 90 along the guidewire 104. 

Although Figure 17 illustrates one embodiment of a rapid-exchange 
delivery system, it will be imd^ood tliat the stents according to the present 
invention can be delivered by any delivery system, e.g., an over-the-wire delivery 

25 system or by any other suitable deliverj' systeriL Furthermore, it will also be 

understood that the distal portions ofthe delivery system as deleted in Figures 15 
and 1 6 could be used in cormection with any suitable delivery system, including, 
e.g., rapid-exchange or over-the-wire dilivery systems. 

Furthermore, the preceding spei:ific embodiments are illustrative of the 

30 practice of the invention. It is to be uiKlerstood, however, that other expedients 
krK)wn to those skilled in the art or disc:losed herein, may be employed without 
departing from the scope of the appended claims, 
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What is claimed b: 

1 . A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubular Ixxly defining a passageway having a 
5 longitudinal axis; 

the body comprising a plurality of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
having a length along the longitudinal :axis; 

each of the circumferential supjport sections comprising a plurality of 
1 0 primary bends interconnected by struts^ the primary bends being located on 
alternating ends of the support section around the circumference of the body, 
each of the stmts connecting successive primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; and 

at least one longitudinal membsr coimecting adjacent support sections in 
1 5 the body, the longitudinal member having a first end attached proximate the 
midpoint of one of the struts and a sect>nd end attached proximate the midpoint 
of one of the struts in the adjacent sup]x)rt secdon; 

^^^ierein the stent is radially cojnpressible into a compressed state in 
whidi the struts arc generally aligned ivith the longitudiiud axis and radially 
20 expandable into an expanded state in v^rhich the struts and the primary bends in 
each of the support sections are arrai^ed in a zigzag pattern, and further wherein 
the longitudinal length of the stent in the compressed state is substantially the 
same as the longituduial length of the :5tent in the expanded state. 

25 2. A stent according to claun 1, v/hercin the body comprises first, second 
and third support sections, and further wherein each of the longitudinal members 
connecting the first support section to the second support section are 
circumferentially offset from each of the longitudinal members connecting the 
second support section to the third sujiport section. 

30 

3. A stent according to claim 1, further comprising two or more longitudinal 
members coruiecting adjacent support sections in the body. 
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4. A Stent according to claim 1 » wi^erein all of the support sections are in 
phase with each other. 

5 5. A stent according to claim 1 , ^vl^e^e^n at least one pair of ^jacent support 
sections are out of phase with each othctr. 

6. A stent according to cldm I , wlierein the body comprises a nickel 
titanium alloy. 

10 

7. A stent according to claim 1, wiierein each primary bend of the plurality 
of primary bends connects a pair of struts in the su^>ort section, and fur&er 
wherein each pair of struts abut at a point between the primary bend and the 
midpoint of each of the struts in the pair of struts when the stent is in ihe 

15 compressed state, whereby the bending stress is reduced at each primary bend of 
the plurality of primary bends. 

8. A stent according to claim 7, wlierein at least one of the struts in each 
pair of struts associated with one of the primary bends comprises a secondary 

20 bend located between the midpoint and one end of the strut, the secondary bend 
including an apex &cing the other strut in the pair of struts, and further wherein 
the point at which the pair of struts abut is at the apex of the secondary bend 
yAicn the stent is in tlie compressed stai:e, 

25 9. A stent according to claim 7, wlierein each strut of the plurality of struts 
comprises two secondary bends, one of the secondary bends located on each side 
of the midpoint of the strut and each of the secondary bends being spaced firom 
the ends of the strut, each of the seconclary bends having an apex, wherein the 
apexes of each of the secondary bends face the opposing struts in each pair of 

30 struts associated with one of the primaiy bends in the support section, and further 
x^ierein the point at which each pair ol* struts associated with one of the primary 
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bends abut when the stent is in the compressed state is at the apexes of the 
secondary bends of the struts. 

10. A stent according to claim 7, wlierein at least one of the struts in each 
5 pair of stmts associated with one of th<! priniary bends comprises a protrusion 
located between the midpoint and one cud of the strut, the protrusion fecmg the 
other strut in the pair of struts, and fiuUicr wherein die point at which the pair of 
struts abut is at the protrusion when the stent is in the compressed state. 

10 11. A stent according to claim 7, wlicrein each strut of the plurality of struts 
comprises two protrusions, one of the protrusions located on each side of the 
midpoint of the strut and each of the protrusions being spaced from the ends of 
the strut, wherein the protrusions face the opposing struts in each pair of struts 
associated with one of the primary bends in the support section, and further 

1 5 wherein the point at which each pair oi struts abut when the stent is in the 

compressed state is at the protrusions i:i each strut in the pair of adjacent struts. 

1 2. A radially expandable stent for implantation within a body lumen 
comprising: 

20 an elongated generally tubular lx>dy defining a passageway having a 

longitudinal axis, the body comprising at least one circumferential support 
section having a length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends intercoiuiected by struts^ the primary bends being located on 

25 alternating ends of the support section around the circumference of the body, 
each of the struts coimecting successiv e primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; 

wherein the stent is radially compressible into a compressed state and 
radially expandable into an expanded state in which the struts and primary bends 

30 in each of the support sections are anctnged in a zigzag pattern, and further 
wherein each pair of adjacent struts associated with each of the primary bends 
abut at a point between the primary bciid and the midpoint of each strut in the 
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pair of adjacent struts Nvhen the stent is In the compressed state, whereby the 
bending stress is reduced at each primary bend of the plurality of primary bends. 

13. A stent according to claim 12, wherein at least one of the struts in the pair 
5 of struts associated with each of the pimary bends comprises a secondary bend 

located between the midpoint and one end of the strut, the secondary bend 
including an apex facing the other stmt in the pair of struts, and further wherein 
the point at which the pair of struts abut is at the apex of the secondary bend 
vibea the stent is in the compressed state. 

10 

14. A stent according to claim 12, wherein each strut of the plurality of struts 
comprises two secondary bends, one of the secondary bends located on each side 
of the midpoint of the strut and each cf the secondary bends being spaced from 
the ends of the strut, each of the secondary bends having an apex, wherein the 

1 5 apexes of each of the secondary bend:: face the opposing stmts in each pair of 
struts associated with one of the primiuy bends in the support section, and further 
wherein the point at ^^ch each pair of struts associated with one of the primary 
bends abut vAicn the stent is in the compressed state is at the apexes of the 
secoiklary bends of the struts. 

20 

15. A stent according to claim 12, wherein at least one of the struts in eadi 
pair of struts associated with one of tlie primary bends comprises a protrusion 
located between the midpoint and on<: end of the strut, the protrusion facing the 
other strut in the pair of struts, and further wherein the point at which the pair of 

25 struts abut is at the protrusion when tlie stent is in the compressed state. 

1 6. A stent according to claim 1 2, wherein each strut of the plurality of struts 
comprises two protrusions, one of the protrusions located on each side of the 
midpoint of the strut and each of the protrusions being spaced &om the ends of 

30 the strut, A^iierein the protrusions face; the opposing struts in each pair of struts 
associated with one of the primary bends in the support section, and further 
wherein the point at which each pair i^f struts associated with one of the primary 
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bends abut when the stent is in the compressed state is at the protrusions in the 
struts. 

17. A radially expandable stent for implantation within a body lumen 
5 comprising: 

an elongated generally tubular body defining a passageway having a 
longitudinal axis, the body comprising at least one circumferential support 
section having a lei^ along the longitudinal axis; 

each of the circumferential support sections comprising a substantially 

1 0 continuous element including a plurality of primary bends interconnected by 

struts, the primaiy bends being located on alternating ends of the support section 
around the circumference of the body, each of the struts connecting successive 
primaiy bends on opposite ends of the support section and having a midpoint 
generally located therebetween, wherein the stent is radially compressible mto a 

1 5 compressed state and radially expandable into an expanded state in which the 
struts and primary bends in each of Urn support sections are arranged in a zigzag 
pattern; and 

means for reducing bending sti-css at the primary bends when the stent ts 
in the compressed state. 

20 

18. A stent according to claim 17, \^^erein the means for reducing bending 
stress causes each pair of stmts associated with one of the primary bends to abut 
at a point between the midpoints of the pair of struts and the primaiy bend. 

25 19, A stent according to claim 1 7, wherein the body comprises a plurality of 
circumferential support sections arranged successively along the longitudinal 
axis, and further wherein the body comprises at least one longitudinal member 
connecting adjacent support sections in the body, the longitudinal member 
having a first end attached to one of tlie si^port sections and a second end 

30 attached to the adjacent support section. 
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20. A stent according to claim 1 9, ^vfaerein the first end of each of the 
longitudinal members Is attached proximate the midpoint of one of the stmts in 
one of the support sections and the seci>nd end of each of the longitudinal 
members is attached proximate the midpoint of one of the struts in an acyacent 

5 support section; wherein the longitudinal length of the stent in the conqpressed 
state is substantially fiie same as the longitudinal length of the stem in the 
expanded state. 

21 . A delivery system for implantalion of a radially-expandable stent within a 
1 0 body lumen comprising: 

an inner tube having a proximal end and a distal end, the inner tube 
having an itmer tube lumen formed therein, the iimer tube lumen having an 
opening at the distal end of the inner tube; 

a cover sheath having a proximal end and a distal end, the cover sheath 
15 comprising a wall defining a cover sheath lumen, the inner tube located within 
the cover sheath lumen; 

a stent positioned about the iim&r tube at the distal end of the cover 

sheath; 

a first guidewire opening in the inner tube lumei^ the first guidewire 
20 opening spaced from the distal end of the inner tube; 

a second guidewire opening in the wall of the cover sheath, the second 
guidewire opening located proximate the first guidewire opening; and 

a guide element having a distal end located within the inner tube lumen, 
the guide element extending between the first and second guidewire openings. 

25 

22. A system according to claim 21, wherein the guide element comprises a 
proximal end located outside of the co ver sheath Ixmien such that the guide 
element extends through the second guidewire opening, 

30 23. A system according to claim 2!t, wherein the guide element is removably 
positioned in the inner tube lumen and the first and second guidewire openings. 
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24. A system according to claim 2 1 , wiierein the inner tube lumen tenninates 
at the first guidewire opening. 

25. A system according to claim 21, wherein the first guidewiie opening is 
5 formed in an imier tube walL 



26. A system according to claim 21, wherein the guide element comprises a 
guide lumen formed in the distal end of the guide element 

10 27. A system according to cisdm 26, wherein the guide lumen can receive 
only a portion of the guidewire. 

28. A system according to claim 2 1, wherein the stent is self-expanding and 
comjnises: 

* 5 an elongated generally tubulai body defining a passageway having a 

longitudinal axis, the body comprisin g at least one circumferential support 
section having a length along the longitudinal axis; 

each of the circumferential su pport sections comprising a plurality of 
primary bends interconnected by struis, the primary bends being located on 

20 alternating ends of the support section around the circumference of the body, 
each of the struts connecting successive primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; 

M^erein the stent is radially compressible into a compressed state and 
radially expandable into an expanded state in vAnch the struts and primary bends 

25 in each of the support sections are ananged in a zigzag pattern, and further 
v^erein each pair of adjacent struts associated with each of the primary bends 
abut at a point between the primary ticnd and the midpoint of each strut in the 
pair of adjacent struts when the stent is in the compressed state, whereby the 
bending stress is reduced at each primary bend of the plurality of primary bends. 



30 



29. A system according to claim 28, wherein the stent is biased against the 
interior surface of the cover sheath in the compressed state, and further wherein 
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the inner lube comprises a shoulder having an outside diameter greater than an 
inside diameter of the stent in the coniiHiessed state within the cover sheath, 
whereby movement of the cover sheaiii proximally forces the stent out of the 
cover sheath. 

5 

30. A system according to claim 28, wherein at least one of the struts in the 
pair of struts associated with each of the primary bends comprises a secondary 
bend located between the midpoint and one end of the strut, the secondary bend 
including an apex facing the other strut in the pair of struts, and further wherein 

10 the point at which the pair of struts abut is at the apex of the secondary bend 
when the stent is in the compressed state. 

31. A system according to claim 28, wherein at least one of the struts in each 
pair of struts associated with one of the primary bends comprises a protrusion 

15 located between the midpoint and one end of the strut, the protrusion facing the 
other strut in the pair of struts, and finther wherein the point at which the pair of 
struts abut is at the protrusion when ttie stent is m the compressed state. 

32. A system according to claim 28, wherein the body comprises a plurality 
20 of circumferential support sections ananged successively along the longitiKiinal 

axis, and further wherein the body comprises at least one ioi^tudinal member 
connecting adjacent support sections in the body, the longitudinal member 
having a first end attached proximate the midpoint of oi» of the struts in one of 
the support sections and a second end attached proximate the midpoint of one of 
25 the struts in an adjacent support secticn; wherein the longitudinal length of the 
stent in the compressed state is substantially the same as the longitudirud length 
of the stent in the expanded state. 

33. A system according to claim 32, wherein the body of the stent comprises 
30 first, second and third support sections, and further wherein each of the 

longitudinal members connecting the first support section to the second support 
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section are circumferentiaUy offset frona each of the longitudinal members 
connecting the second support section lo the third support section. 

34. A system according to claim 2 1 , further comprising: 
5 an expandable balloon located on the inner tube; and 

an inflation lumen in fluid communication with the balloon, the inflation 
lumen extending from the proximal end of the delivery system to the balloon. 

35. A system according to claim 34, wherein the balloon is located between 
1 0 the stent and the inner tube. 



36. A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubular Ijody defining a passageway having a 
1 5 longitudinal axis; 

the body comprising a plurality of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
having a longitudinal length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
20 primary bends interconnected by strutii, the primary bends being located on 
alternating ends of the support section around the circumference of the body, 
each of the struts connecting successi^'e primary bends on opposite ends of the 
support section; and 

at least one longitudinal memt-er connecting adjacent support sections in 
25 the body; 

wherein each of the circtunfenmtial support sections is radially 
compressible into a compressed diamt^tcr and radially expaiKlable into an 
unrestrained expanded diameter in v^^iich the struts and the primary bends in 
each of the support sections axe arranged in a zigzag pattern^ and further wherein 
30 the longitudinal lengths of at least two of the circumferential support sections are 
different 
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37. A stent according to clmm 36, wherein the longitudinal lengths of 
successive circumferential support seirdons increases horn one end of the stent to 
an opposite end of the stent 

5 38. A stent according to claim 37, wherein the increases in longitudinal 
lengths between successive support sections are uniform. 

39. A stent according to claim 36, wherein the lon^tudinal lengths of die 
circumferential support sections at ea«:h end of the stent are greater than the 

10 length of one of the circumferential support sections located between the 
circumferential support sections at eai^h end of ^e stent 

40. A stent according to claim 36, wherein the circumferential support 
section with the shortest longitudinal length is located proximate a center of the 

1 5 stent 

41 . A stent according to claim 36, wherein the body con^>rises a nickel 
titanium alloy. 

20 42. A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubulai* body deGmng a passageway having a 
longitudinal axis; 

the body comprising a pluraliiy of circumferential support secticms 
25 arranged successively along the longitudinal axis, each of the support sections 
having a longitudinal length along th; longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by struts, the primary bends being located on 
alternating ends of the support sectioa around the circumference of the body» 
30 each of the struts connecting successi ve primary bends on opposite ends of the 
support section; and 
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at least one longitudinal member connecting adjacent support sections in 
the body; 

wherein each of the ciicumfereritial support sections is radially 
compressible into a compressed diameter and radially expandable into an 
5 unrestrained expanded diameter in v/hirJh the struts and the primary bends in 
each of the support sections are arranged in a zigzag pattern, and further wherein 
the unrestrained expanded diameters of at least two of the support sections vary* 

43. A stent according to claim 42, wherein the unrestrained expanded 

10 diameters of successive circumferential, support sections increases ftom one end 
of the stent to an opposite end of the stisnL 

44. A stent according to claim 43, >^crein the increases in the unrestrained 
expanded diameters between successive support sections are unifornL 

15 

45. A stent according to claim 42, wherein the unrestrained expanded 
diameters of the circumferential support sections at each end of the stent are 
smaller than the imiestrained expanded diameter of one of the circumferential 
support sections located between the circumferential support sections at each end 

20 of the stent 

46. A stent according to claim 42, v^erein the circumferential support 
section with the largest unrestrained expanded diameter is located proximate a 
center of the stent 

25 

47. A stent according to claim 42, herein the longitudinal lengths of the 
circumferential support sections are substantially unifomL 

48. A stent according to claim 42, wherein the longitudinal lengths of at least 
30 two of the circumferential support sections are different 
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49* A stent according to claim 42, wherein the body comprises a nickel 
titanium alloy. 

50. A radially expandable stent foi implantation within a body himen 
5 comprising: 

an elongated generally tubular body defming a passageway having a 
longitudinal axis; 

the body comprising a plurality' of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
1 0 having a longitudinal length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by strut) having a circtrniferential width, the 
primary bends being located on altemiiting ends of the support section around the 
circumference of the body, each of the: struts connecting successive primary 
1 5 bends on opposite ends of the support section; and 

at least one lon^tudinal member connecting adjacent stipport sections in 
the body; 

wherein each of the circumfen:ntial support sections is radially 
compressible into a compressed diam<rter and radially expaiKlable into an 
20 unrestrained expanded diameter in which the struts and the primary bends in 

each of the support sections are snan^ied in a zigzag pattern^ and further ^^erein 
the circumfermtial widths of the struts in at least two of the circumferential 
support sections are different 

25 51. A stent according to claim 50, wherein the longitudinal lengths of at least 
two of the circumferential siq>port sections are different 

52. A stent according to claim 50, \^erein the unrestrained expanded 
diameters of at least two of the suppo:rt secUons vary. 

30 
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53. A method of deploying a stent within a body lumen comprising: 

a) providing a radially cxpimdable stent in a compressed diameter 
proximate a distal end of a deliveiy device, wherein the stent comprises: . 

an elongated generally tubular body defining a passageway 
5 having a longitudinal axis; 

the body compriidng a plurality of circumferential support 
sections arranged successively along the longitudinal axis, each of 
the support sections having a longittidinal length along the 
longitudinal axis; 

^ach of the circumferential support sections comprising a 
plurality of primary berais interconnected by stnrts, the primary 
bends being located on itltemating ends of the support section 
around the circumference of the body, each of the struts 
connecting successive primary bends on opposite ends of the 
^5 support section; and 

at least one longitudinal member connecting adjacent 
support sectiotis in the (tody; 

wherein each of the circumferential sup^rt sections is 
radially compressible into the compressed diametCT and radially 
expandable into an unrestrained expanded diameter in which the 
stmts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the lon^tudinal 
lengths of at least two of the circumferential support sections are 
different; 

25 b) advancing the distal end of the delivery device and the stent 

through a body lumen; and 

c) deploying the stent at a desired location withm the body lumen. 

54, A method of deploying a stent within a body lumen comprising: 

providing a radially expandable stent in a compressed diameter 
jM-oximatc a distal end of a delivery device, wherein the stent comprises: 
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an elongated generally tubular body deHtiing a passageway 
liaving a longitudinal aj js; 

the body comprising a plurality of cifcumfcrentia] support 
sections arranged successively along the longitudinal axis, each of 
the support sections haxlng a longitudinal length along the 
longitudinal axis; 

each of the circumferential support sections comprising a 
plurality of primary bends intercoimected by struts, the (mmary 
bends being located on ;iltemating ends of the support section 
around the circtxmference of the body, each of the struts 
connecting successive primary bends on opposite ends of the 
support section; atui 

at least one longitudinal member connecting adjacent 
support sections in the tKkty; 

wherein each of the circumferential support sections is 
rudially com{vessible into the compressed diameter in whidi the 
struts are generally aligned with the longitudinal axis and radially 
expandable into an tuire strained expanded diameter in ^\^ch the 
struts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the tmrestraincd 
expanded diameters of at least two of the support sections vary; 

b) advancing the distal end of the delivery device and the stent 
through a body lumen; and 

c) deploying the stent at a desired location within the body Itunea. 

55. A method of deploying a stent within a body lumen comprising; 

a) providing a radially expandable stent in a compressed diamet^ 
proximate a distal end of a delivery device, wherein the stent comprises: 

an elongated generally tubular body defining a passageway 
having a longitudinal asus; 

the body comprising a plurality of circumferential support 
sections arranged successively along the longitudinal axis, each of 
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the support sections having a longitudinal length along the 
longitudinal axis; 

each of the circumferential support sections comprising a 
plurality of primary betKls interconnected by stmts, the primary 
5 bends being located on alternating ends of the suf^rt section 

around the circumference of the body, each of the struts 
connecting successive ]}rimary bends on opposite ends of the 
support section; and 

at least one lonjptudinal member connecting adjacent 
10 support sections in the body; 

wherein each olf the circumferential support sections is 
radially compressible lito the compressed diameter and radially 
expandable into an unrestrained expanded diameter in which the 
stmts and the primary bends in each of the support sections are 
J 5 arranged in a zigzag pattern, and further wherein the 

circumferential width of the struts in at least two of the 
circumferential si^port sections are dififerent; 

b) advancing the distal en d of the delivery device and the stent 
through a body lumen; and 

c) deploying the stent at <i desired location within the body lumen. 



56. A method of deploying a stent within a body lumen comprising: 
a) providing a radially expandable stent on a delivery system comprising: 

an inner tube having a proximal end and a distal end, the inner 
25 tube having an inner tube lumen fonned therein, the inner tube Itmien 

having an opening at the distal end of the inner tube and a first guidewixe 
opening in the inner tube lumisn, the first guidewire opening spaced fiom 
the distal end of the iimer tutx:; 

a stent positioned on tie exterior surface of the mner tube at the 
30 distal end of the inner tube; 

a cover sheath having a proximal end and a distal end, the cover 
sheath comprising a wall defining a cover sheath lumen, the inner tube 
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and stent located \vithin the cc*ver sheath lumen, the cover sheath further 
including a second guidewire opening in the wall of the cover sheath, the 
second guidewire opening located proximate the fh^ guidewire ofiening 
in the inner tube; and 
S a guide element having; a distal end located within the inner tube 

Lumen, the guide element exte^ading between the first and second 
guidewire openings, wherein tbe guide element comprises a gtiide lumen 
fonned in the distal end of the guide element; 

10 b) positioning a guidewire within a body lumen, wherein a proximal end of 
the guidewire extends out of the body lumen; 

c) inserting the proximal end of the guidewire into the inner tube lumen at 
the distal end of the inner tube; 

d) advancing the proximal end of the guidewire through the inner tube 
15 lumen towards the first guidewire opening and the distal end of the guide 

element, wherein at least a portion of the proximal end of tbe guidewire is 
advanced into the guide Iimien in the distal end of the guide element; 

e) advancing the proximal end of the guidewire through the first and second 
guidewire opmings; 

20 f) advancing the distal end of the inner tube and the stent over tbe guidewire 
towards the distal end of the guidewire wherein the stent is positioned at a 
desired location within the body lumeo; and 

g) deploying the stent at the desired location within the body lumen. 

25 57. A method according to claim ,S6, wherein the guide element is removably 
positioned in tbe inner tube himen and the first and second guidewire openings, 
and further ^^erein the step of advancing the proximal end of the guidewire 
through the first and second guidewin: openings further comprises moving the 
guide clement cut of the first and seccnd guidewire openings. 

30 

58. A method according to claim 56, wherein tbe guide lumen can receive 
only a portion of the proximal end of Jie guidewire. 
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59. A method according to claim 5<5, wherein the guide element comprises a 
proximal end located outside of the cover sheath lumen such that the guide 
element extends through the second guidewire opening. 

5 

60. A method of deploying a stent v/ithin a body lumen comprising: 

a) providing a radially expandable stent on a delivery system comprising: 

an inner tube having a pi-oximai end and a distal end, the inner 
tube having an inner tube lumec. formed therein; 
1 0 a stent positioned on the exterior surface of the inner tube at the 

distal end of the inner tube; 

an expandable balloon located on the iimer tube; 

an inflation lumen in fluid communication with the balloon, the 
inflation lumen extending from the proximal end of the delivery system 
15 to the balloon; and 

a cover sheath having a proximal end and a distal end, the cover 
sheath comprising a wall deflnLig a cover shea& lumen, the irmer tube, 
stent, and balloon located withia the cover sheath lumen; 

b) positioning the inner tube, stent, balloon and cover sheath within a body 
20 lumen; 

c) moving the cover sheath proxinially relative to the distal end of the inner 
tube to deploy the stent with the body lumen; and 

d) inflating the balloon within the stoit 

25 61 . A method according to claim 6D, wherein the balloon is located between 
the stent and the timer tube. 

62. A method of deploying a stent within a body lumen comprising: 
a) providing a radially expandable stent on a delivery system comprising: 
30 an inner tube having a ])roximal end and a distal end; 

a stent positioned on the exterior surface of the inner tube at the 
distal end of the inner tube; 
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a cover ^eath having ii proximal end and a distal end^ the cover 
sheath including a cover sheath lumen, the inner tube and stent located 
within the cover sheath lumen; and 

a support tube having ii proximal end and a distal end, the support 
5 tube including a support tube l umen containing at least a portion of the 

ITOximal end of the cover sheiith, the cover sheath being movable in the 
proximal and distal directions within the support tube lumen and the 
position of the inner tube being fixed relative to the position of the 
support tube; 

10 b) positioning a guide catheter within a body hunen; 

c) advancing the distal ends of th e inner tube and the cover sheath through 
the guide catheter; 

d) fixing the position of the support tube relative to the guide catheter, 
wherein the positions of the distal end of the inner tube and the stent within the 

1 S body lumen are also fixed relative to ihe guide catheter, and 

e) RKkving the cover sheath proximally to release the stent on the distal end 
of the inner tube, thereby deploying tlie stent within the body lumoi. 

63 . A method according to cldm 62, "whexeia the guide catheter includes a 
20 hemostasis valve and further wherein the step of fixing the position of the 

sxif^rt tube relative to the guide catheter comprises closing the hemostasis valve 
on the support tube. 

64. A method according to claim 52, wherein the support tube and the inner 
25 tube are fixedly attached to a handle sind the cover sheath is attached to an 

actuator, the actuator movable relative to the handle, and further wherein the step 
of moving the cover sheath compriseji moving the actuator relative to the handle. 
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(57) Abstract 

The present hiveatfon pn>vi(3es rad tally-expandable stents tliat. In various embodiments, may reduce the bendlog stresses/strains 
associated with the compressed state of self-expanding stents and/oi' may picvcnt longitudinal expaniico/contnictioQ of FadiaUy expandable 
stents between the compressed and expanded states. In Addition, stents according to the present invention preferably exhibit increase 
loagicudinal flexibility in both the compressed and expanded states. Furthermore, stents that include circumferential support sections with 
varying longitudinal lengths and/or varying unrestrained expanded diameters are also disclosed. Also disclosed are stents that provide 
controllable expansive force profiles. The present invention also ix:ludcs dcUvciy systems In which threading of the guldewire thnjugh 
the delivery system may be simplified. In addition, the delivery systems according to the present invention may also incorporate a ttalloon 
to assist in radially expanding the stent and/or seating of tlie stent in the lumen during deployment without removing the stent delivery 
catheter. Further, the delivery systems may also irKlude a support tube at the proximal end to assist in fixing the position of the stent 
relative to a guide catheter dirring deployment of the stenu 
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